ABSTRACT -The experiment evaluated the influence of isolated or associated phytogenic additives (PA) and organic acids (OA) on nutrient digestibility, performance and carcass characteristics of broiler chickens. Two experiments were conducted in a completely randomized design with a 2 × 2 + 1 factorial arrangement of treatments (with or without PA × with or without OA + antibiotic performance enhancer and anticoccidial). In the first experiment, two metabolic tests were conducted to determine the metabolizability coefficients of the nutrients of starter and growth diets. In the second experiment, 2520 one-day-old chicks were housed in 40 experimental units to evaluate the performance and carcass characteristics. The phytogenic additives and organic acids, isolated or associated, improve the nutrient digestibility of the diet and replace the growth-promoting antibiotics. The use of organic acids isolated or associated with phytogenic additives in broiler diets improves broiler performance in comparison with free antibiotic performance enhancer at 42 days of age. Isolated or associated phytogenic additives and organic acids provided better carcass characteristics.
Introduction
The selection of premature birds and the major housing density has intensified health problems and denouncements of slaughterhouses, reflecting the increased use of antibiotic performance enhancer (APE), and the therapeutic use of anticoccidial and chemotherapy. However, the consumer market of Brazilian meat, especially the European Union, has banned the use of APE.
Phytogenic additives (PA) from plant extracts are an alternative to APE because they promote higher nutrient digestibility, increase digestive enzyme activity and gastric and pancreatic juice secretion, protect the intestinal microvilli and improve bird performance by antimicrobial activity (Hernández et al., 2004; Toledo et al., 2007) .
Another alternative to APE are organic acids (OA), which have shown positive results in poultry production, for reducing the intestinal pH and bacterial growth intolerant to pH changes (Pirgozliev et al., 2008; Ao et al., 2009) , thus providing better intestinal health for the bird to obtain maximum nutrient absorption. Additionally, undissociated organic acids can penetrate the lipid membrane of the bacterial cell and decrease intracellular pH, which leads to death (Ricke, 2003) , in addition to stimulating pancreatic secretion and providing better intestinal villus integrity (Dibner & Buttin, 2002) . However, there are conflicting results regarding the use of acidifiers in poultry and, according to Hernández et al. (2006) , these effects depend on the chemical form of the acid, pKa values, bacterial species to be destroyed, animal species and the site of action of acids.
The objective of this study was to evaluate the influence of isolated or associated phytogenic additives and organic acids on the nutrient metabolizability of the diet in the early growth stages, as well as to evaluate the performance and carcass characteristics of broilers.
Material and Methods
All procedures used in this experiment were approved by the Animal Experimentation Ethics Committee (process no. 183/2008-CEEA) Faculdade de Medicina Veterinária e Zootecnia of UNESP -Campus Botucatu.
Two experiments were conducted with Cobb broilers. The first experiment had two metabolism trials with broilers, in the Faculdade de Medicina Veterinária e Zootecnia of UNESP -Universidade Estadual Paulista, Campus Botucatu at the Poultry Nutrition Laboratory. The second experiment evaluated performance and carcass characteristics in an integrated poultry farm, located in Ipeúna -São Paulo, R. Bras. Zootec., v.41, n.10, p. [2189] [2190] [2191] [2192] [2193] [2194] [2195] [2196] [2197] 2012 Brazil, and broilers were slaughtered in the experimental slaughterhouse of the Faculdade de Medicina Veterinária e Zootecnia of UNESP -Universidade Estadual Paulista, Campus Botucatu. The experimental design in both experiments was completely randomized in a factorial arrangement with an additional treatment (2 × 2 + 1). The diets were formulated with and without phytogenic additives (PA) × with and without organic acids (OA) + control diet with antibiotic performance enhancer and anticoccidial drugs, totaling five treatments. The phytogenic additives (Imunostart ® + Enterocox ® -Phytosynthese) comprised turmeric extracts, citrus extract and grape seed extract + Chinese cinnamon essential oil, Chile Boldo leaves and fenugreek seeds. The organic acid mix (Premium Sal-Ácido 8 ® -Nutriacid) comprised 30.0% of lactic acid, 25.5% of benzoic acid, 7% of formic acid, 8% of citric acid and 6.5% of acetic acid. The antibiotic performance enhancer (APE) was composed of avilamycin at 20%, 10 ppm (Surmax 200 ® , Elanco) plus sodium monensin at 40%, 250 g/ton (Monenpac MC400 ® ). The diets of both experiments were formulated based on corn and soybean meal and the feed composition and nutritional requirements were obtained from the recommendations by Rostagno et al. (2005) (Table 1) . The additives tested in this study were included in the diets as a substitution of inert.
The first experiment included 125 one-day old broiler chicks for two metabolism trials, housed in controlled metabolic cages, provided with front feeder, nipple drinker and excreta-collection trays. The chicks were vaccinated at the hatchery against Marek's disease and Gumboro disease and maintained within a comfort temperature range during the entire experimental design and execution period. Five treatments and five replicates of five birds per experimental unit were conducted in the first test, totaling 125 broilers. For the second metabolism trial, three chickens from each experimental unit were used according to space, feeder and cage area suitability, totaling 75 broilers.
The tests were performed in two periods, 11 to 21 and 25 to 35 days of age, with five days of adaptation to the experimental diets and five days for total excreta collection, using the method of total excreta collection.
The excreta were collected twice a day (8h and 17h), packed in labeled plastic bags and stored in a freezer (-10 °C) . At the end of each experimental period, the amount of feed consumed and the total amount of excreta produced were determined, they were thawed, weighed, homogenized and a sample was removed and weighed for bromatological analysis.
With the excreta and feed, the dry matter, total nitrogen and ether extract were determined according to the methodology by Silva & Queiroz (2002) and gross energy using bomb calorimeter (IKA ® -Werke). The gross energy metabolizability coefficients (GEMC) were determined by calculating the ratio of GEMC and gross energy (GE) in percentage, metabolizability coefficients of dry matter (DMMC), nitrogen (NMC) and ether extract (EEMC). The values of apparent metabolizable energy (AME) and nitrogen-corrected apparent metabolizable energy (AMEn) were calculated according to Matterson et al. (1965) .
In the second experiment, 2520 one-day old male chicks were used, with an average initial weight of 50±1 g, in a completely randomized 2 × 2 + 1 factorial arrangement with five treatments and eight replicates, totaling 63 birds per experimental unit.
The chicks were vaccinated at the hatchery against Marek's disease and Gumboro disease and housed in 4.5 m 2 cages (density of 14 birds/m 2 ), equipped with 10 cm thick wood shavings bed, and fitted with tubular feeders and pendular drinkers. The wood shavings bed used in this experiment was reused from a batch of chickens which received, via drinking water, aqueous solution contaminated with Clostridium perfringens. The drinkers were washed every two days, in order to increase health challenge.
The experimental diets were divided into four phases: pre-starter (1 -10 days), starter (11 -21 days), growth (22 -35 days) and finishing (36 -42 days) ( Table 1) . Water and food were given ad libitum during the entire rearing period and the light program was of 24 hours.
The parameters of body weight (BW), weight gain (WG), feed intake (FI), feed conversion ratio (FCR) and viability (VB) were determined for the periods of 1 to 21 and 1 to 42 days of age and daily mortality was recorded. At the end of the experiment, the production efficiency factor (PEF) was determined by the following formula: PEF = (BW × VB) / (FCR × slaughter age).
At the end of the experiment, four chickens were removed, with an average weight of each experimental unit, and fasted for eight hours. Next, they were sacrificed by stunning followed by exsanguination, plucked and eviscerated for determination of carcass yield, cuts (breast, thigh + drumstick, back and wing) and abdominal fat percentage.
The results obtained in the experiments underwent analysis of variance (ANOVA) of the General Linear Model (GLM) procedure using the statistical program SAS (Statistical Analysis System, version 9.0) and, when significant, the means of the factorial treatment (2 × 2) were compared by F tests (α = 0.05), and to compare the means of factorial treatments with an additional treatment (APE), Dunnett's test was applied (α = 0.05).
Results and Discussion
There was no interaction between phytogenic additives (PA) and organic acids (OA) for GEMC, DMMC and EEMC in the starter phase (11 to 21 days old) (Table 2) . However, PA supplementation improved (P<0.05) GEMC, DMMC and EEMC, corroborating the results of Hernandéz et al. (2004) , who observed improvement for DMMC and EEMC with the inclusion of plant extracts and essential oils in the diet.
The improvement in these variables can be attributed to cinamaldehyde and turmeric, the main active ingredients in cinnamon and curcumin, respectively. Cinamaldehyde stimulates pancreatic and intestinal enzyme secretion (Jamroz et al., 2005) and curcumin increases bile production in the liver and also pancreatic and intestinal lipase (Platel & Srinivasan, 2004) , and consequently the secretion of bile salts. Thus, one can infer that the increase of enzymes and bile salts promoted improved nutrient absorption.
Broilers fed organic acids had higher values (P<0.01) of GEMC and EEMC than those fed diets without organic acids. These results corroborate the studies of Pirgozliev et al. (2008) , who observed AMEn improvement in young broilers fed diets supplemented with fumaric acid and sorbic acid, and also corroborate studies conducted by Ao et al. (2009) , in which citric acid increased the metabolizable dry matter and crude protein. However, Hernández et al. (2006) observed no differences in the metabolization of total and ileal dry matter and crude protein in the 16 to 21 day-old period in broilers fed two levels of formic acid. This improvement in metabolizable energy may be due to the AME acids available in the mixture, improving the intestinal villus integrity and increasing the absorption of lipids.
There was interaction (P<0.01) between PA and OA for nitrogen metabolizability coefficient (NMC) ( Table 2 ). The inclusion of PA in the diets with and without OA improved the NMC of the broilers; however, the combination of additives resulted in lower metabolization, which, in this case, shows no additive effect for NMC, since OA did not improve metabolizability when compared with the control diet. The present study contradicts the results obtained by Muhl & Liebert (2007) , who found no differences in protein metabolizability and nitrogen balance of broiler chickens fed commercial PA.
The results presented in this study partially contradict those obtained by Basmacioğlu Malayoğlu et al. (2010) , who found no differences in the metabolizability of dry matter and ether extract in broilers fed diets containing oregano essential oil; the same observed for lipase and amylase activity. Cross et al. (2007) also observed no differences in DMMC and GEMC when assessing the metabolizability influence of different plant extracts. However, the mixture of active principles in the PA of the present study may have shown increased enzyme activity, which promoted improved nutrient metabolizability.
Comparing the alternative treatments with APE (Table 2) , the broilers fed the diet without additive supplementations showed lower values (P<0.05) for all the variables analyzed, in comparison with those that received APE, except for NMC, which showed no differences. The use of PA reduced (P<0.01) the GEMC and EEMC values, but increased nitrogen metabolizability. For the broilers fed diets containing OA, this additive did not improve the GEMC values, which showed lower values, in comparison with the broilers that received APE. The association of PA and OA did not differ statistically for the variables studied in relation to the positive control, demonstrating that the effects of stimulating pancreatic and intestinal enzyme secretion and improved villus integrity promoted by the additives provided similar results to the action of antibiotics to reduce bacterial pathogens and lesions in the villi.
There was interaction (P<0.05) between PA and OA for all the variables evaluated in the growth phase (25 to 35 days) ( Table 2 ). The broilers fed PA had the highest GEMC, DMMC, NMC and EEMC values compared with the broilers that were not fed the additives. However, the association of PA and OA caused lower NMC in the broilers than those fed diets containing only organic acids. Similar results were found by Hernandéz et al. (2004) and García et al. (2007) , who observed improved ileal digestibility of dry matter and crude protein of the birds fed phytogenic additives. However, studies have shown that the use of plant extracts and essential oils may not improve AME values and protein and dry matter metabolizability (Cross et al., 2007; Muhl & Liebert, 2007; Barreto et al., 2008; Rizzo et al., 2010) . According to Lee et al. (2003) and Rizzo et al. (2010) , diets with highly digestible ingredients can mask the improvement these additives can provide to the metabolizability of nutrients, which is not observed in this study, even when using vegetal-derived feeds with high biological value.
The broilers fed diets supplemented with organic acids and not supplemented with PA had higher GEMC, DMMC, NMC and EEMC values (P<0.05), in comparison with those fed diets without the additives, partially corroborating Ao et al. (2009) , who found that citric acid increased dry matter and crude protein metabolizability. However, when the birds were fed a combination of phytogenic additives and organic acids, they had lower NMC in comparison with those without organic acids supplementation and with PA supplementation.
The results from this study partially contradict those reported by Hernández et al. (2006) , who, studying the inclusion level of formic acid in broiler diets, found no metabolic improvement in the birds fed acid, in comparison with the birds fed avilamycin or a basal diet.
When compared with APE, in which the use of additivefree diets resulted in lower GEMC, DMMC and NMC, the additives tested showed no differences for the metabolic coefficients, confirming García et al. (2007) , who, studying the supplementation of formic acid and plant extracts, did not observe metabolic differences in comparison with the birds supplemented with avilamycin, and also Hernández et al. (2006) , who did not observe metabolic differences in the broilers that received organic acid or avilamycin. One of these causes may be the low sanitary challenge imposed to these birds and the stimulation of pancreatic and intestinal enzymes in birds fed PA and organic acids.
The possible causes of improved nutrient metabolizability in the diets of broilers fed phytogenics are associated with the stimulation and production of digestive enzymes such as lipase, amylase, trypsin, chymotrypsin and maltase found by some researchers (Lee et al., 2003; Jamroz et al., 2005; Jang et al., 2007; Basmacioğlu Malayoğlu et al., 2010) , in addition to the antimicrobial activity and decreased pH by PA and organic acids alone or combined. In a study by Jamroz et al. (2006) , the authors found decreased colonization of pathogens due to increased mucus production and increased thickness of the stomach and jejunum in the birds fed phytogenic additives, which may have contributed to the improved nutrient metabolizability.
Considering the coefficients of nutrient metabolizability in the present study, one can infer that the phytogenics improved the health of chickens due to the higher production of pancreatic enzymes, thus improving the gastrointestinal tract and consequent modulation of the microbiota, which was observed from the start of supplementation in the starter phase, the same way that the acidifiers helped to improve metabolism in the growth phase, and this improvement in the metabolism coefficients with the use of organic acids may have been influenced by greater intestinal contents, with the need for decreased pH in the different segments of the intestine.
Thus, phytogenics and acidifiers can act as alternatives to APE, as they help bring about better nutrient absorption, which is mostly intended for muscle growth, without major tissue renewal consumption.
There was no significant interaction between phytogenic additives and organic acids at 21 days of age (Table 3) . Moreover, these additives did not influence the performance improvement of the broilers, in comparison with those that received the control diet. When comparing the FI of birds fed diets with or without organic acids, it is observed that, on average, the birds fed diets containing organic acids showed a higher FI.
The broilers fed diets supplemented with APE showed better results for all performance variables, except for FI and viability, in which there was no difference between treatments. This result is expected, since in a challenged environment, the birds fed antibiotics showed better performance than those fed alternative additives.
In this study, the results observed for BW, WG and FCR at 21 days contrast with the studies performed with other PA (Fukayama et al., 2005; Toledo et al., 2007; Kumar et al., 2010; Rizzo et al., 2010) , with no differences for these variables between the broilers that received alternative additives and antibiotics in the diet. Similarly, studies with organic acids also showed no performance difference, in comparison with the negative control and/or the birds fed antibiotics (Gunal et al., 2006; Abdel-Fattah et al., 2008; Vieira et al., 2008; Faria et al., 2009 ). However, most of the studies that used these additives in broilers were conducted in low health challenge environments.
At 42 days of age, there was no interaction between phytogenic additives and organic acids (Table 4) for the performance characteristics studied. The broilers fed diets containing PA showed better FCR than the birds fed nonsupplemented diets, and the birds fed diets containing organic acids showed higher BW and WG than those fed without organic acids supplementation. Although there are no performance differences between the treatments, the association of phytogenic additves and organic acids can be used in order to improve performance. Additive and/or synergistic effect was observed with the combinations of probiotics and acidifiers (Khosravi et al., 2010) , sanguinarine and organic acids (Vieira et al., 2008) , essential oils and enzymes (Basmacioğlu Malayoğlu et al., 2010) , acidifiers and enzymes (Smulikowska et al., 2010) and phytogenics and probiotics, improving the immune system of the birds (Li et al., 2009) .
The broilers that were fed diets supplemented with APE showed the best performance results, showing that the alternative additives were not totally effective to the challenge posed.
In the present experiment, the birds fed alternative additives during the 1 to 42 day-old period showed improved performance, in comparison with the diets without supplementation. The results obtained are similar to those that were fed phytogenics, when compared with the diets without any additive supplementation, compiled by Windisch et al. (2008) with birds reared in the different lodgings and challenges, and higher than the data compiled by Fascina (2011) for phytogenic additives and organic acids, for broilers raised in low-challenge environments. The highest yield in poultry excreta with advancing age, poor bed quality and confirmed clinical signs of necrotic enteritis with low pathogenicity in the birds of all experimental units provided considerable health challenge to the broilers in this study.
No differences are seen in the literature for alternative additives, antibiotics and diets without additive supplementations in broilers, as they are generally raised in low health challenge environments (Hernández et al., 2004; Fukayama et al., 2005; Muhl & Liebert, 2007; Toledo et al., 2007; Rizzo et al., 2010) , demonstrating that in the present study it was possible to provide real health challenges, which poultry industries constantly encounter in largescale poultry production.
The use of PA showed higher carcass yield in broilers that were fed this additive (P<0.01) (Table 5) , contradicting Muhl & Liebert (2007) , who found no differences in the carcass yield of broilers fed plant extracts. This result demonstrates that the broilers that received PA had better nutrient absorption, favoring deposition in the muscle tissue, a fact observed in the metabolism trial, considering that the broilers in this treatment had higher metabolism coefficients of nitrogen, fat and gross energy. The broilers fed diets containing organic acids showed higher wing yield (P<0.05) and lower thigh+drumstick yield (P<0.05), in comparison with the birds fed without organic acids supplementation (Table 5 ).
There was interaction (P<0.01) between phytogenic additives and organic acids for the breast and back yields (Table 5 ). The broilers fed diets containing only PA had higher breast yield and lower back yield than those that received no feed additives, and those that were fed diets supplemented only with organic acids had lower breast yield and higher back yield.
When the alternative treatments were compared with broilers fed diets containing APE and anticoccidial, there was no difference in back yield and abdominal fat percentage. For carcass yield, the birds fed APE had higher (P<0.01) yields than those fed alternative additives or without supplementation, which was expected for this characteristic, since the broilers in this treatment had the highest body weight at the end of the rearing period. The higher carcass yield enables to infer that the antibiotic promoted reduced sanitary challenges for these broilers, which is reflected in the higher performance and yield. This result corroborates the results of Samanta et al. (2008) and Chowdhury et al. (2009) , who evaluated the use of acidifiers in broiler diets.
For breast yield, the alternative additives showed performance similar to the positive control birds. However, the birds fed without supplementation had lower (P<0.05) breast yield, in comparison with the positive control. The percentage of abdominal fat of birds fed the additives was not affected, corroborating other studies that found no differences for this characteristic (Carrijo et al., 2005; Fukayama et al., 2005; Jamroz et al., 2005; Rizzo et al. 2010 ). 
Conclusions
Phytogenic additives and organic acids improve nutrient metabolizability in broilers at the initial growth stages. The use of organic acids, alone or associated with phytogenic additives in broiler diets, is an alternative, given the ban on antibiotic growth promoters.
